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The influence of mantle flow on intracontinental basins: Three examples from 
Australia 
Abstract 
During the Paleozoic, sedimentary basins developed within Gondwana without evolving to diverging plate 
boundaries. Such intracontinental basins present long subsidence histories with multiple phases of 
accelerated subsidence that are not always easily explained by far-field tectonic forces, and may be 
driven by processes other than rifting and thermal subsidence. Here we investigate the subsidence of 
Paleozoic Australian intracontinental basins by comparing one-dimensional backstripped tectonic 
subsidence histories from the western Australian Canning and Southern Carnarvon Basins and the central 
Australian Cooper Basin to forward subsidence models for pure shear lithospheric thinning. We make the 
hypothesis that differences between observed and model subsidence may be explained by mantle-flow 
driven topography, in addition to tectonic forces. To test this hypothesis, we compute dynamic 
topography from the first geodynamic models of mantle flow spanning the entire Phanerozoic Eon, and 
we analyse the relationship between dynamic topography and anomalous basin subsidence to dynamic 
topography and mantle flow. Although reconstructions of mantle flow in deep geological times are 
uncertain, our results suggest that long-wavelength dynamic topography could explain aspects of the 
complex tectonic histories intracontinental basins. In the presented reconstruction of mantle flow, 
topographic rebound following the sinking of a Cambrian aged slab resulted in a minor phase of dynamic 
uplift in the Cooper Basin in middle Permian times. Throughout Carboniferous-Triassic times Australia 
was positioned above a mantle upwelling driven by a hot structure at the base of the mantle. Structural 
uplift in the Canning and Southern Carnarvon basins during the Triassic-Jurassic interval was augmented 
by dynamic uplift produced by that large-scale upwelling, and possibly augmented by a focused active 
mantle plume during the Permo-Triassic. In Late Jurassic-Cretaceous times, Australia drifted east away 
from the mantle upwelling, resulting in a period of subsidence in the Canning and Southern Carnarvon 
basins. During the Cretaceous the Cooper Basin moved over a downwelling produced by long-lived 
subduction along the east Australian margin, resulting in a period of accelerated subsidence. 
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Highlights
 We present the first time-dependent global mantle flow models spanning the entire 
Phanerozoic Eon.
 We assess the effect of mantle flow on the tectonic subsidence of three intracratonic 
Australian basins.
 Whole-mantle upwelling contributed to the Triassic – Jurassic uplift of the Canning and 
Southern Carnarvon Basins. 
 Plate motion away from the upwelling caused subsidence of the Canning and Southern 
Carnarvon Basins from ~150 Ma.
 The sinking of a relic Cambrian caused dynamic uplift in the Cooper Basin, marked by 
a Permian unconformity.
1 The influence of mantle flow on intracontinental basins: three examples 
2 from Australia
3 Alexander Young1, Nicolas Flament1, Lisa Hall2, Andrew Merdith3
4
5 1 GeoQuEST Research Centre, School of Earth, Atmospheric and Life Sciences, University of 
6 Wollongong, Northfields Avenue, NSW 2522, Australia
7 2 Geoscience Australia, GPO Box 378, Canberra ACT 2601, Australia
8 3 Laboratoire de Géologie, Université of Lyon 1, France
9
10 Acknowledgments
11 This research was undertaken with the assistance of resources from the National Computational 
12 Infrastructure (NCI), which is supported by the Australian Government.  This research has 
13 been conducted with the support of the Australian Government Research Training Program 
14 Scholarship. NF was supported by Australian Research Council grant DE160101020. ASM 
15 was supported through the Deep Energy Community of the Deep Carbon Observatory. We 
16 thank Steve Abbott and Karol Czarnota of Geoscience Australia for discussions. We thank 
17 Schlumberger Australia for donating the Petrel E&P software platform and the accompanying 
18 Geology and Modelling modules used in this study. We thank Fiona Dodd, Arthur Mory and 
19 Ameed Ghori from West Australian Department of Mines, Industry Regulation and Safety for 
20 providing well data and expertise relevant to Western Australia. Figures were constructed using 
21 Generic Mapping Tools (Wessel et al., 2019), GPlates (www.gplates.org) and QGIS. We also 
22 thank Nicky White, Mark Hoggard, Lydia DiCaprio, Christian Heine and an anonymous 
23 reviewer for their feedback which greatly contributed to the improvement of this manuscript.
24
25 Data availability statement
26 The data that support the findings of this study were derived from the following resources 
27 available in the public domain: the Western Australian Petroleum and Geothermal Information 
28 Management System at https://wapims.dmp.wa.gov.au/wapims and Geoscience Australia 
29 reports at doi:10.11636/Record.2015.031 and doi:10.11636/Record.2016.029. 
30
31 Abstract
32 During the Paleozoic, sedimentary basins developed within Gondwana without evolving to 
33 diverging plate boundaries. Such intracontinental basins present long subsidence histories with 
34 multiple phases of accelerated subsidence that are not always easily explained by far-field 
35 tectonic forces, and may be driven by processes other than rifting and thermal subsidence. 
36 Here we investigate the subsidence of Paleozoic Australian intracontinental basins by 
37 comparing one-dimensional backstripped tectonic subsidence histories from the western 
38 Australian Canning and Southern Carnarvon Basins and the central Australian Cooper Basin 
39 to forward subsidence models for pure shear lithospheric thinning. We make the hypothesis 
40 that differences between observed and model subsidence may be explained by mantle-flow 
41 driven topography, in addition to tectonic forces. To test this hypothesis, we compute dynamic 
42 topography from the first geodynamic models of mantle flow spanning the entire Phanerozoic 
43 Eon, and we analyse the relationship between dynamic topography and anomalous basin 
44 subsidence to dynamic topography and mantle flow. 
45 Although reconstructions of mantle flow in deep geological times are uncertain, our results 
46 suggest that long-wavelength dynamic topography could explain aspects of the complex 
47 tectonic histories intracontinental basins. In the presented reconstruction of mantle flow, 
48 topographic rebound following the sinking of a Cambrian aged slab resulted in a minor phase 
49 of dynamic uplift in the Cooper Basin in middle Permian times.
50 Throughout Carboniferous-Triassic times Australia was positioned above a mantle upwelling 
51 driven by a hot structure at the base of the mantle. Structural uplift in the Canning and Southern 
52 Carnarvon basins during the Triassic-Jurassic interval was augmented by dynamic uplift 
53 produced by that large-scale upwelling, and possibly augmented by a focused active mantle 
54 plume during the Permo-Triassic. In Late Jurassic-Cretaceous times, Australia drifted east 
55 away from the mantle upwelling, resulting in a period of subsidence in the Canning and 
56 Southern Carnarvon basins. During the Cretaceous the Cooper Basin moved over a 
57 downwelling produced by long-lived subduction along the east Australian margin, resulting in 










68 Intracontinental basins are formed between cratonic blocks on continental lithosphere 
69 away from active plate boundaries. Their subsidence histories typically display less initial 
70 subsidence than those observed in conventional rift basins and generally follow the shape and 
71 magnitude of the subsidence of the ocean floor; although with significant deviations (Xie and 
72 Heller, 2009); e.g. the Michigan Basin (Bond and Kominz, 1991; Kominz and Bond, 1991; 
73 Hamdani et al., 1994; Naimark and Ismail-Zadeh, 1995; Kaminski and Jaupart, 2000). Several 
74 tectonic and geodynamic mechanisms have been proposed to explain deviations between 
75 expected and observed tectonic subsidence including: intraplate stresses and reactivation of 
76 inherited structures (Bond and Kominz, 1991), plume-lithosphere interaction (Kaminski and 
77 Jaupart, 2000), deep crustal metamorphism (Middleton, 1980), lower crustal phase transition 
78 (Hamdani et al., 1994) and mantle downwelling (Kominz and Bond, 1991). The hypothesis 
79 that intracontinental basins are affected by dynamic topography has been analysed by Heine et 
80 al. (2008) for a global set of basins and Heine et al. (2010) for the Cenozoic of Australia.  Here, 
81 we make the hypothesis that the complex subsidence histories of Paleozoic intracontinental 
82 basins have been impacted by mantle flow, and that the contribution of mantle flow to basin 
83 subsidence may be preserved in the geological record.
84 Dynamic topography, the topography due to flow in the mantle, which drives transient, 
85 long-wavelength, low amplitude vertical motion of Earth’s surface (Pekeris, 1935; Parsons and 
86 Daly, 1983; Richards and Hager, 1984; Cazenave et al., 1989; Hager and Richards, 1989; 
87 Braun, 2010; Flament et al., 2013), has been invoked to explain both subsidence and uplift of 
88 continental plates (Gurnis, 1990; Pysklywec and Mitrovica, 1999; Liu et al., 2008). Geological 
89 expressions of long-wavelength dynamic topography are most likely to be found in continental 
90 interiors where the effects of plate boundary forces are subdued and preservation potential is 
91 high. For instance, continental burial depth and unroofing histories, inferred from apatite (U-
92 Th)/He and apatite fission-track thermochronology (AFTA) studies have been used to test 
93 predictions of dynamic topography based on global mantle convection models for the last 
94 400 Myr (Flowers et al., 2012; Zhang et al., 2012). Additionally, studies have been conducted 
95 to investigate the effect of dynamic topography on sedimentary basins (Mitrovica et al., 1989; 
96 Pysklywec and Mitrovica, 1999; Xie et al., 2006; Sutherland et al., 2010; Flament et al., 2014; 
97 Shephard et al., 2014; Vibe et al., 2018). These studies focus on the post-Jurassic for which 
98 tectonic models, used to generate time-dependent mantle flow and dynamic topography 
99 models, were presently available. 
100 Recently, tectonic models have been developed for the past billion years (Merdith et 
101 al., in prep.), allowing us to test the hypothesis that mantle convection contributed to the 
102 subsidence of three Australian Paleozoic basins: the Cooper, Canning and Southern Carnarvon 
103 Basins (Fig. 1). These basins were selected because (i) they were the most stable in Australia 
104 for the time period of interest and (ii) data are publicly available due to past hydrocarbon 
105 exploration. We first backstrip well data to determine the tectonic subsidence of the basins. We 
106 then compute the expected tectonic subsidence for the wells using a pure shear model (Jarvis 
107 and Mckenzie, 1980) that fits the backstripped data, and identify episodes of anomalous 
108 vertical motion (calculated as the difference between backstripped and modelled subsidence). 
109 Finally, we compute the first time-dependent reconstructions of mantle flow spanning the 
110 Phanerozoic Eon and use these models to examine the relationship between dynamic 
111 topography and anomalous basin motions.
112
113 2. Geological context
114 2.1 Cooper/Eromanga Basin
115 The Cooper Basin in central Australia (Fig. 1) contains up to 2,400 m of Pennsylvanian-
116 Middle Triassic stratigraphy (Hall et al., 2015). It unconformably overlies the lower Paleozoic 
117 sedimentary and volcanic rocks of the Warburton Basin and is disconformably overlain by the 
118 Jurassic-Cretaceous Eromanga Basin and the Cenozoic Lake Eyre Basin (Alexander et al., 
119 1998). Subsidence in the Cooper Basin initiated during the late Carboniferous-early Permian 
120 (Moussavi Harami, 1996; Deighton and Hill, 1998; Deighton et al., 2003; Hall et al., 2015; 
121 Hall et al., 2016). The Daralingie compressional event at ~260 Ma produced large anticlines, 
122 uplift and erosion, and reactivated basement structures (Battersby, 1976; Kuang, 1985; Apak 
123 et al., 1997; Gravestock and Jensen-Schmidt, 1998; Hall et al., 2015); after which, subsidence 
124 resumed and continued uninterrupted until ~235 Ma (Moussavi Harami, 1996; Deighton et al., 
125 2003; Hall et al., 2016). 
126 The Eromanga Basin succession is marked by localised Late Triassic deposition (Hall et 
127 al., 2016). Subsidence, in the absence of crustal extension, increased drastically during the Late 
128 Cretaceous (Zhou, 1989; Gallagher, 1989; Deighton and Hill, 1998; Mavromatidis, 2006; Hall 
129 et al., 2016) and has been linked to subduction-related tilting (Russell and Gurnis, 1994; Gurnis 
130 et al., 1998; Matthews et al., 2011).
131
132 2.2 Canning Basin 
133 The Canning Basin is a long-lived (~500 Myr) sedimentary basin located in north-western 
134 Australia (Fig. 1). It has experienced multiple phases of extension and compression (Forman 
135 and Wales, 1981; Brown et al., 1984; Yeates et al., 1984; Kennard et al., 1994a; Shaw et al., 
136 1994; Parra Garcia et al., 2014). Formed in the Early Ordovician (Kennard et al., 1994a; 
137 Romine et al., 1994; Shaw et al., 1994) as a shallow marine basin (Conolly et al., 1984) the 
138 earliest deposition was controlled by normal faulting (Conolly et al., 1984; Romine et al., 1994) 
139 yet, the initial depocentre has the shape of an intracontinental sag basin (Shaw et al., 1994). 
140 The Prices Creek Movement, a period of uplift, folding, tilting and erosion immediately 
141 succeeded initial subsidence and has been related to the initial stages of the Alice Springs 
142 Orogeny in central Australia  (Shaw et al., 1994). Extension during Devonian-Carboniferous 
143 times was followed by compression related to the peak phase of the Alice Springs Orogeny 
144 (Forman and Wales, 1981; Colwell et al., 1994; Shaw et al., 1994). The compression event, 
145 named the Meda Transpression, produced faulting, fault reactivation, uplift and erosion and 
146 resulted in an extensive unconformity at the base of the Permian section (Forman and Wales, 
147 1981; Arne et al., 1989; Kennard et al., 1994a; Shaw et al., 1994; Parra Garcia et al., 2014). 
148 The Late Carboniferous-Permian Fitzroy Transpression, an inversion marked by basin-wide 
149 folding, faulting, uplift, and erosion (Forman and Wales, 1981; Yeates et al., 1984; Kennard et 
150 al., 1994a; Shaw et al., 1994), produced a major unconformity at the base of the Jurassic section 
151 (Parra Garcia et al., 2014). 
152 A phase of mild Jurassic-Cretaceous subsidence contemporaneous with dextral 
153 transpression, indicated by minor fault inversion, folding and faulting of the Jurassic- 
154 Cretaceous levels (Parra Garcia et al., 2014) has been linked to the onset of seafloor spreading 
155 in the Argo Abyssal Plain at ~155 Ma (Kennard et al., 1994a).
156
157 2.3 Southern Carnarvon Basin
158 The Southern Carnarvon Basin (Gallagher et al., 2013) consists of three Paleozoic sub-
159 basins (Fig. 1): the Late Cambrian-Devonian Gascoyne Platform, and the Carboniferous-
160 Permian Merlinleigh and Byro Sub-basins (Mory et al., 2003). First deposition in the Southern 
161 Carnarvon Basin was intracontinental and spanned the ?Cambrian-Early Devonian (Iasky et 
162 al., 1998; Mory et al., 2003). Growth faults are the only evidence of tectonism during this 
163 period (Mory et al., 2003).
164 Low levels of thermal maturity within the Paleozoic succession on the Gascoyne Platform 
165 (Ghori, 1998; Mory et al., 1998) lead Mory et al. (2003) to suggest that the area was a positive 
166 structural feature during middle Carboniferous-earliest Cretaceous times. In the Merlinleigh 
167 Sub-basin, Late Carboniferous-Permian rifting was coeval with extension in the Perth Basin to 
168 the south (Iasky et al., 1998). Growth and en-échelon faulting is interpreted to  represent a 
169 component of strike-slip movement during west-southwest extension (Iasky et al., 1998).
170 Following Carboniferous subsidence, no deposition is recorded in the Southern Carnarvon 
171 Basin from end Permian-earliest Cretaceous times (~140 Myr) (Iasky et al., 1998; Iasky and 
172 Mory, 1999; Iasky et al., 2003; Mory et al., 2003); during which seafloor spreading began in 
173 the Meso-Tethys Ocean and Greater India broke away from Australia (Powell et al., 1988). 
174 Onshore, these tectonic events are marked by faulting, fault  reactivation, and anticlinal folding 
175 (Crostella, 1995; Crostella and Iasky, 1997; Mory et al., 2003). The Southern Carnarvon Basin 
176 became a passive margin of the Tethys Ocean during continental break-up, indicated by 
177 offshore faulting and thick sedimentary sequences (Iasky et al., 1998).
178
179 3. Methods
180 3.1 Tectonic plate reconstruction 
181 Plate tectonic reconstructions can be used as a boundary condition for time-dependent 
182 forward mantle flow models (Ricard et al., 1993; Bunge et al., 1998; Lithgow‐Bertelloni and 
183 Richards, 1998; McNamara and Zhong, 2005; DiCaprio et al., 2011; Flament, 2019; Young et 
184 al., 2019). Here we use the first full plate reconstruction that spans continuously from the 
185 Neoproterozoic to present-day (Merdith et al., in prep.) which is an amalgamation of previous 
186 models: Merdith et al. (2017), 1,000-520 Ma; Domeier (2016, 2018), 500-410 Ma; and Young 
187 et al. (2019), 410-0 Ma. 
188 Net rotation is the rotation of the whole lithosphere with respect to the underlying 
189 mantle (Torsvik et al., 2010). It has been shown that global mantle flow models are more 
190 consistent with global seismic tomography models if they are set up to reduce net rotation 
191 (Rudolph and Zhong, 2014) and mantle flow models forced with global tectonic 
192 reconstructions are routinely carried out in a no-net-rotation reference frame (Shephard et al., 
193 2014). Therefore, we removed net rotation from the plate reconstruction. In our global flow 
194 models, net rotation between the mantle and the lithosphere arise from lateral viscosity 
195 variations due to the composition- and temperature-dependence of viscosity.
196
197 3.2 Mantle flow models
198 3.2.1 Model set-up and governing parameters
199 We modelled global thermochemical convection within Earth’s mantle driven by the 
200 no-net-rotation plate model for 1,000-0 Ma, solving equations for the conservation of mass, 
201 momentum and energy under the extended Boussinesq approximation (Christensen and Yuen, 
202 1985) using a version of the finite element code CitcomS (Zhong et al., 2008), modified by 
203 Bower et al. (2015) to progressively assimilate tectonic reconstructions with topologically-
204 evolving plate boundaries, from which we derived plate velocities and thermal structure of the 
205 lithosphere and shallow slabs in 1 Myr increments. Plate velocities from the reconstructions 
206 were used as a surface boundary condition while the base of the mantle is free slip. The 
207 structure of the lithosphere and shallow part of slabs (down to ~350 km depth), derived from 
208 the plate reconstructions, are imposed as a time-dependent volume condition (see Bower et al., 
209 2015). We considered five cases with different initial ages ranging from 600-1000 Ma in 100 
210 Ma intervals (named M600, M700 etc). The mantle is modelled as a spherical shell and 
211 viscosity depends on depth, temperature and composition (Supplementary Fig. 1).
212 The initial temperature condition (Supplementary Fig. 2) includes an adiabatic profile 
213 between two thermal boundary layers. The basal thermochemical layer is initially uniformly 
214 226 km thick and includes a 113 km thick layer above the CMB that consists of material 4.24% 
215 denser than ambient mantle; this density contrast gives a good fit between present-day model 
216 temperature and tomography (Flament, 2019). In the initial condition, slabs are inserted down 
217 to 425 km at 45. During the model run, slabs are read in by the code down to ~350 km depth 
218 and merged with the dynamic solution (Bower et al., 2015). The Rayleigh number which 
219 determines the vigour of mantle convection is  and the dissipation number, which 7.8 ×  107 
220 controls shear heating is equal to  . Mantle viscosity varies with temperature and depth. 1.56
221 Detailed descriptions of the governing equations solved for mantle convection, the model set 
222 up and initial conditions are provided in the supplementary material. 
223
224 3.2.2 Computation of dynamic topography
225 We computed dynamic topography  in 10 to 20 Myr intervals by scaling the total normal ℎ
226 stress   using free-slip boundary conditions and ignoring temperature and lateral viscosity 𝜎𝑟𝑟




229 with  the density difference between the mantle and the surface load (air or water). The ∆𝜌
230 predicted dynamic topography results from all sources of buoyancy below 350 km. Although 
231 preserving lateral viscosity variations above 350 km lowers the long-wavelength amplitude of 
232 dynamic topography it also introduces short-wavelength variations (see Figure 5 of Flament, 
233 2019) that are undesirable for regional studies such as this contribution.  
234
235 3.3 Backstripping procedure and input parameters
236 The 1-D backstripping procedure used to compute basin tectonic subsidence requires 
237 constraints on of the age, thickness, compaction history and paleowater depth of sedimentary 
238 strata (Allen and Allen, 2013). In the procedure, sediment accumulation through time is 
239 reconstructed from the present-day thickness of each dated stratigraphic unit. The effects of 
240 sediment compaction are integrated and paleobathymetry corrections are made to compute a 
241 1-D subsidence history. The effect of sediment loading is removed by de-compacting and 
242 removing sedimentary units backwards in time (Steckler and Watts, 1978).
243
244 3.3.1 Stratigraphic thickness and age
245 Well data from the Canning (15 wells; Fig. 1), Southern Carnarvon (13 wells; Fig. 1) 
246 and Cooper (14 wells; Fig. 1) Basins were used to analyse tectonic subsidence. Wells were 
247 selected based on spatial distribution and data availability. Stratigraphic tops and borehole 
248 geophysical log data for the Canning and Southern Carnarvon Basins were sourced from the 
249 Western Australian Petroleum and Geothermal Information Management System (WAPIMS). 
250 Formation tops were reviewed and updated to fit the available WAPIMS biostratigraphic data. 
251 Formation ages for the Canning Basin were taken from the Geoscience Australia Canning 
252 Basin Biozonation and Stratigraphy Chart (Smith et al., 2013) and formation ages for the 
253 Southern Carnarvon Basin are according to Geoscience Australia’s Southern Carnarvon Basin 
254 Biozonation and Stratigraphy Chart (Nicoll et al., 1998). Formation ages and tops for the 
255 Cooper Basin are from Hall et al. (2016). Stratigraphic thickness and age data are provided in 
256 the supplementary material. 
257
258 3.3.2 Lithologies
259 In the Canning and Southern Carnarvon Basins, facies models were generated using 
260 wireline log analysis and lithological descriptions from well completion reports. Gamma ray 
261 data was used to quantify the shale fraction in each well; limestone and dolostone fractions 
262 were determined from sonic and bulk density logs. Facies allocation was verified against 
263 lithology descriptions from well reports. For the Cooper Basin the formation lithologies of Hall 
264 et al. (2016) are used. Lithological inputs for backstripping are provided in the supplementary 
265 material.
266
267 3.3.3 Porosity and compaction
268 The progressive burial of sediment leads to exponential porosity reduction with depth. 
269 To find the decay length for lithologies in the Canning and Southern Carnarvon Basins, 




272 with ρma the matrix (grain) density, ρf the density of the pore fluid (assumed to be fresh water) 
273 and ρlog the bulk density as measured by the density tool (Rider and Kennedy, 2011). These 
274 data are best fit by the exponential curve:
275 𝜙 = 𝜙0𝑒 ―𝑧/𝐷
276 (Athy, 1930), with  the porosity of the sediment at the surface; z, burial depth of the sediment 𝜙0
277 and D the characteristic decay length scale. For the Cooper Basin, lithology porosity depth 
278 relationships are taken from Hall et al. (2016). 
279
280 3.3.4 Paleowater depths
281 Estimates of paleowater depths in the Canning and Southern Carnarvon Basins are 
282 based on deposition environments reported in the WAPIMS biostratigraphic database and 
283 Geological Survey of Western Australia reports (Mory and Backhouse, 1997; Haines, 2004; 
284 Mory, 2010). Depositional environments were converted to paleowater depth using the 
285 zonation of Tipsword et al. (1966). The results suggest Canning and Southern Carnarvon 
286 deposition typically occurred in middle shelf environments (20-100 m depth) with some 
287 deposition taking place in outer shelf environments (100-200 m depth). 
288 In the Cooper Basin, Deighton and Hill (1998) and Deighton et al. (2003) made 
289 estimates of paleowater depth from sedimentological and fossil content, which we used directly 
290 in the subsidence models. Fluvial and lacustrine deposition dominated in the Cooper Basin 
291 with water depths in the 0-60 m depth range. A Cretaceous marine incursion resulted in 
292 Eromanga deposition taking place in middle to outer shelf environments. Detailed paleowater 
293 depths are provided in the supplementary material (Supplementary Fig. 3). 
294
295 3.3.4 Backstripping procedure
296 Density and porosity of the sediment at depth is calculated following DiCaprio et al. 
297 (2009). Porosity of the sediment was determined assuming an exponential decay due to 
298 compaction. Average porosity is given by:
299 .𝜙 =  (𝜙0𝑧𝑠)( ―𝐷 𝑒(
― 𝑧𝑏𝑜𝑡𝑡𝑜𝑚
𝐷 )) + ( ―𝐷 𝑒(
― 𝑧𝑡𝑜𝑝
𝐷 ))
300 Average density is calculated from:
301 𝜌 =  𝜌𝑤𝜙 + 𝜌𝑠(1 ― 𝜙)
302 where  a given grain density and  the density of water (assumed to fill the pore space). 𝜌𝑠 𝜌𝑤
303 The complete values of decay length, grain density and ranges of surface porosity are listed in 
304 Supplementary Table 2. Sediments are de-compacted and removed back in time using the 1-D 
305 backstripping methodology of Steckler and Watts (1978). The main uncertainties in the 
306 backstripping workflow are discussed in Section 5.6.
307
308 3.4 Forward modelling of tectonic subsidence and anomalous vertical motion
309 Predictions of tectonic subsidence were calculated using a forward model of finite 
310 rifting (Jarvis and Mckenzie, 1980) in which rift duration, strain rate and beta factor are derived 
311 from fitting the backstripped data. The expression for theoretical subsidence is:
312 .𝑆(𝑡) = (𝑡𝑐(𝜌𝑚 ―  𝜌𝑐)(𝜌𝑎 ― 𝜌𝑤) )(1 ― 1𝛽) ― ( 𝛼𝜌𝑚𝜌𝑎 ― 𝜌𝑤) (∫𝑎0[𝑇(𝑧,𝑡) ― 𝑇(𝑧, ∞)d𝑧])
313 Where,  is the stretching factor; , crustal thickness; , mantle density (at 0ºC); , crust 𝛽 𝑡𝑐 𝜌𝑚 𝜌𝑐
314 density (at 0ºC); , asthenosphere density (at 1330ºC); , water density; , thermal expansion 𝜌𝑎 𝜌𝑤 𝛼
315 coefficient; , lithosphere thickness;   the temperature of the lithosphere as a function of 𝑎 𝑇(𝑧,𝑡)
316 depth and time and;  the equilibrium temperature structure of the lithosphere. 1D strain 𝑇(𝑧, ∞)
317 rate inversions (White, 1993, 1994) were carried out to verify the forward model inputs (see 
318 Supplementary material for results). Values of the controlling parameters used in the forward 
319 model calculations are listed in Table 1. For a given continental crust thickness, lithospheric 
320 thickness was calculated to be isostatically equilibrated with mid-ocean ridges. We did not 
321 carry out a sensitivity analysis since the purpose of these forward models is to obtain a 
322 modelled tectonic subsidence history for comparison with the backstripped well data, as 
323 opposed to constraining subsidence parameters.
324 Anomalous vertical motion was calculated by subtracting the total backstripped well 
325 subsidence from the theoretical subsidence model (Xie et al., 2006; Sutherland et al., 2010; 
326 Flament et al., 2013). Positive anomalous vertical motion indicates uplift while negative 
327 anomalous vertical motion indicates subsidence. We linearly interpolated dynamic topography 
328 to sample it at the ages for which the subsidence history is constrained. Anomalous vertical 
329 motion, dynamic topography and documented tectonic events can be analysed for the wells in 
330 each basin to gain insights into the contribution of mantle flow to observed tectonic subsidence 
331 (Xie et al., 2006; Sutherland et al., 2010; Flament et al., 2013; Vibe et al., 2018). We calculated 
332 the first derivatives of anomalous motion and dynamic topography to assess synchronicity in 
333 their trends. When the first derivatives of dynamic topography and anomalous motion are of 
334 the same sign and no tectonism is documented, mantle flow may be considered a plausible 
335 contributing mechanism for anomalous motion; although sea level variations and/or 
336 undocumented tectonism remain alternative mechanisms.
337
338 4. Results
339 4.1 Basin subsidence and uplift history: backstripping analysis of borehole data
340 4.1.1 Cooper/ Eromanga Basin
341 Tectonic subsidence curves from the Cooper/Eromanga Basin (Fig. 2) are characterised 
342 by three periods of subsidence: Late Carboniferous-Late Triassic (300-240 Ma), Late Triassic-
343 Early Cretaceous (200-100 Ma) and Early-Late Cretaceous (100-90 Ma). Total tectonic 
344 subsidence ranges between 1,400-1,800 m and non-rift related subsidence from Late 
345 Carboniferous-Early Cretaceous is approximately exponential. Rates of subsidence in the 
346 initial phase (Late Carboniferous-Late Triassic) are moderate, varying 10-20 m/Myr between 
347 depocenters. The maximum subsidence occurs in the central Nappamerri Trough (Fig. 2) with 
348 rates decreasing at the southwestern edge of the depocenter. Late Permian (~ 270 Ma) uplift at 
349 ~ 10 m/Myr affected the majority of Cooper Basin wells. 
350 Localised Late Triassic deposition (Patchawarra, Windorah and Arrabury Troughs; Fig. 
351 2) marks the start of the Eromanga succession. Late Triassic-Early Cretaceous subsidence is 
352 generally 400-600 m. Rates of subsidence increased to ~ 40 m/Myr during the Late Cretaceous 
353 (~ 110 Ma) (Fig. 2) with lower rates in the Nappamerri Trough (~ 40 m/Myr) and largest rates 
354 in the Patchawarra Trough (50 m/Myr). 
355
356 4.1.2 Canning Basin 
357 Four subsidence phases are identified in the Canning Basin wells (Fig. 3); following 
358 Shaw et al. (1994): Early Ordovician-Silurian (480-440 Ma) Samphire Marsh extension; Early 
359 Devonian-Carboniferous (390-340 Ma) Pillara subsidence ; early Permian-Early Triassic (300-
360 250 Ma) Point Moody extension and Late Jurassic-Early Cretaceous subsidence (160-130 Ma). 
361 These phases are separated by uplift-erosional episodes: the Prices Creek Movement (410 Ma); 
362 Meda Transpression (330 Ma) and Fitzroy Transpression (200 Ma) (Kennard et al., 1994a; 
363 Shaw et al., 1994). 
364 Subsidence rates during Samphire Marsh extension vary between 10-30 m/Myr with 
365 greater rates in the Kidson, Willara and Gunbarrel Sub-basins, and on the Mowla Terrace (Fig. 
366 3) where subsidence was dominantly controlled by extensional faulting (Romine et al., 1994; 
367 Shaw et al., 1994). In the inner regions of the Lennard Shelf and Pender Terrace (Fig. 3) the 
368 Prices Creek Movement eroded strata deposited during this subsidence phase (Kennard et al., 
369 1994a). 
370 During Pillara extension, growth faults (Shaw et al., 1994) resulted in tectonic 
371 subsidence of the Lennard Shelf and Pender and Jurgunna Terraces at up to ~20 m/Myr (Fig. 
372 3). Between 3,500-4,000 m of tectonic subsidence is reported for the southern margin of 
373 Fitzroy Trough during this period (Kennard et al., 1994a). Other areas of the Canning Basin 
374 (Broome Platform, Willara and Kidson Sub-basins) were apparently unaffected by this 
375 subsidence (Fig. 3).
376 In the analysed wells, Point Moody (300-250 Ma) extension is marked by rapid 
377 subsidence rates between 80-250 m/Myr in the Kidson and Gunbarrel Sub-basins and 50-80 
378 m/Myr on the Lennard and Pender Terraces, and the Willara Sub-basin (Fig. 3). Subsidence in 
379 the Kidson and Gunbarrel Sub-basins during the early Permian (from 290 Ma) may have been 
380 augmented by their proximity to the Central Australian Alice Spring Orogeny and/or crustal 
381 responses to continental glaciation. Total tectonic subsidence for Point Moody extension 
382 ranges between 200-600 m (Fig. 3); it is greatest in wells located adjacent to major fault 
383 complexes on the Lennard and Pender Terraces (Shaw et al., 1994). 
384 A mild phase of Late Jurassic-Early Cretaceous subsidence (130-300 m) is apparent on 
385 the Pender and Jurgurra Terraces, the Broome Platform, and the Willara and Gunbarrel Sub-
386 basins (Fig. 3).
387
388 4.1.3 Southern Carnarvon Basin
389 Three subsidence phases are evident in the Southern Carnarvon subsidence curves: 
390 Ordovician-Devonian (440-410 Ma) on the Gascoyne Platform, Carboniferous-Triassic (330-
391 240 Ma) in the Merlinleigh Sub-basin and Early-Late Cretaceous (140-90 Ma) across the basin 
392 area (Fig. 4). Subsidence in the basin was initiated by extensional events and was followed by 
393 periods of erosion/non-deposition.  
394 Gascoyne Platform wells indicate moderate subsidence (~20 m/Myr) during the 
395 Ordovician-Devonian (Fig. 4); with the exception of a shallow stratigraphic bore (Chargoo-1; 
396 Fig. 1). Up to 1,000 m of subsidence during this stage was recorded at well Yaringa-1 (Fig. 1), 
397 adjacent to a major fault (Iasky and Mory, 1999). A long-lived period of non-
398 deposition/erosion occurred on the Gascoyne Platform following this subsidence (Fig. 4) and 
399 basin modelling constrained by AFTA and vitrinite reflectance data indicate between 1,550 m 
400 and 1,800 m of strata was removed before deposition recommenced in Cretaceous times 
401 (Ghori, 1999).
402 The Merlinleigh Sub-basin (Fig. 1) underwent Late Carboniferous-Permian rifting that 
403 resulted in total tectonic subsidence ranging between 200 m (Hope Island-1; Fig. 1) and 1,200 
404 m (Kennedy Range-1; Fig. 1). Rapid subsidence (~40 m/Myr; Fig. 4) during these times is 
405 coeval with the development of en échelon faults (Iasky et al., 1998). Lower Permian uplift of 
406 the Merlinleigh Sub-basin is interpreted to represent a period of sedimentary oversupply 
407 associated with tectonism (Mory et al., 2003). Ghori (1999) estimated 1,800 m of strata was 
408 eroded during this period following initial rifting. As in the Gascoyne Platform, post-rift 
409 subsidence is not recorded in the Merlinleigh Sub-basin due to non-deposition/erosion. A final 
410 phase of low-moderate Cretaceous subsidence (1-20 m/Myr; Fig. 4) occurred during the break-
411 up of Gondwana during which rates of tectonic subsidence range between 250 m inland to 650 
412 m closer to the locus of extension on the northwest margin.
413
414 4.2 Dynamic topography
415 To investigate the influence of mantle flow on the subsidence histories of Australian 
416 sedimentary basins, we computed time-dependent dynamic topography from forward models 
417 of global mantle flow constrained by a tectonic reconstruction. The amplitude of dynamic 
418 topography for a point central to each basin (Fig. 1) was extracted from the model in 20 Myr 
419 increments from 600 Ma to present (Fig. 5), with a temporal refinement to 10 Myr increments 
420 applied between 300-100 Ma. We present results for case M600, which is preferred (see 
421 Section 4.3). 
422 While there is an amplitude difference of ~200 m between the two regions, the dynamic 
423 topography histories of the western Australian basins and the Cooper Basin have a similar 
424 overall trend (Fig. 5). This is expected because of the long-wavelength nature of the dynamic 
425 topography predicted by these models (Flament, 2019). From 600-525 Ma dynamic topography 
426 is negative across the basins. During middle Cambrian times (525 Ma) ~200 m of dynamic 
427 subsidence associated with subduction along east Australia (Fig. 6) occurred in the Cooper 
428 Basin. This subsidence did not affect Western Australia, as it was too far away to be influenced 
429 by the subduction zone on the eastern margin of Australia (Figs 5 and 6).
430 Uplift in all three basins: 790 m in the western Australian basins and 670 m in the Cooper 
431 Basin (Fig. 5) occurred during Devonian-Permian times and is related to broad mantle 
432 upwelling above a deep thermochemical structure in the lower mantle (Fig. 7A-B). Dynamic 
433 topography peaked at 250 Ma in each basin: 270 m in the Cooper Basin, 650 m in the Canning 
434 Basin and 710 m in the Southern Carnarvon Basin (Fig. 5). In the western Australian basins, a 
435 plume (Figs 7 and 8) augmented the uplift produced by the whole-mantle upwelling whereas 
436 in the Cooper Basin, uplift was the result of dynamic rebound following the sinking of an 
437 ancient slab. 
438 In the Cooper Basin, dynamic uplift at 250 Ma is related to convergence and subduction 
439 between East Africa and India (EAf) during the East African Orogeny between 600-550 Ma 
440 (Collins and Pisarevsky, 2005; Fig. 6) which recycled cold lithosphere beneath Gondwana to 
441 ~700 km depth by 550 Ma. From 550-200 the slab proceeded slowly through the transition 
442 zone (Fig. 7B, D) due to trench retreat on the Gondwana eastern margin at an average rate of 
443 ~30 km/Myr; which we suggest is analogous to the Pacific slab under Japan since 40 Myr ago 
444 (Seton et al., 2015). From 500-200 Ma Australia drifted south (Fig. 6) so that in Permian times 
445 the slab was positioned under the Cooper Basin at depths between 500-1000 km (Fig. 7B). 
446 Contemporaneous subduction initiation along east Australian displaced the EAf slab, pushing 
447 it west and deeper into the mantle and away from the Cooper Basin (Fig. 7D-F). As the EAf 
448 slab sank, the dynamic subsidence it imposed on the surface decreased, resulting in uplift of 
449 the Cooper Basin (Figs 5 and 7F). Gurnis et al. (1998) proposed a similar scenario from 
450 regional geodynamic models of Australia from Cretaceous to the present-day; they described 
451 a subducted slab associated with Cretaceous Gondwana-Pacific convergence that stalled in the 
452 mantle beneath Australia for at least 50 Myr and dynamic uplift occurred when Australia 
453 drifted away from the slab. The Cambrian EAf slab lingered near the top of the lower mantle 
454 in a similar fashion, although for a longer period of time (250 Myr). By ~150 Ma the EAf slab 
455 had sunk to the core mantle boundary (Fig. 7); therefore it cannot be identified in seismic 
456 tomography. We note that predicted cold mantle anomalies from younger slabs visually fit high 
457 velocity seismic anomalies in P-wave tomography model UU-P07 by Amaru (2007) 
458 (Supplementary Fig. 4D). 
459 Gondwana breakup began during the Jurassic (180 Ma) with India, Antarctica and Australia 
460 drifting east towards the Pacific Ocean (in the mantle reference frame; Fig. 6). During the Late 
461 Jurassic-Early Cretaceous (150-100 Ma) Australia moved over a dynamic topographic low 
462 caused by subduction along eastern Australia (Fig. 7) resulting in 440 m of dynamic subsidence 
463 over 50 Myr  (Fig. 5), which is consistent with the findings of Gurnis et al. (1998).
464 A long-lived phase of subsidence from 210 Ma is associated with Australia’s eastward drift 
465 away from the deep mantle upwelling and waning plume. As stated above, from 150 Ma 
466 Australia drifted eastward over a slab, which imposed dynamic subsidence in Western 
467 Australia (Figs. 5 and 8). 
468
469 4.3 Anomalous vertical motion
470 Where sufficient strata are preserved, theoretical models of subsidence were fit to the 
471 backstripped subsidence curves calculated from well data in order to determine anomalous 
472 vertical motion. We present the anomalous vertical motion results for a representative well in 
473 each basin (Figs 9-11; see Supplementary material for results for other wells). 
474 A forward-modelled tectonic subsidence curve with a stretching factor β = 1.18, a rift 
475 duration Rd = 30.5 Ma from 295 Ma and initial continental crustal thickness zcc0 = 40 km 
476 (Kennett et al., 2011) fits the Cooper Basin Moomba-27 (Fig. 1) subsidence curve (Fig. 9A). 
477 Subsidence is assumed to be air-loaded due to the dominantly terrestrial nature of Cooper Basin 
478 strata (Hall et al., 2015). The forward model predicts more subsidence than inferred from the 
479 well data from Permian to Late Jurassic times (270-150 Ma). Well subsidence exceeds 
480 theoretical subsidence from ~150 Ma, when subsidence of the Eromanga Basin initiated. 
481 Anomalous uplift events in the Permian and Late Triassic-Early Jurassic amount to ~150 m 
482 (Fig. 9B). Interestingly, dynamic uplift occurred during the Permian uplift event (Fig. 9). The 
483 Triassic uplift is compatible with dynamic topography, although it has been related to a major 
484 unconformity associated with northeast-southwest contraction (Kuang, 1985; Apak et al., 
485 1997; Gravestock and Jensen-Schmidt, 1998). During the Cretaceous more than 600 m of 
486 anomalous subsidence is observed and the trends in subsidence and dynamic topography are 
487 consistent (Fig. 9C). 
488 Well Patience-2 from the Gunbarrel Sub-basin, south-eastern Canning Basin (Fig. 1) is fit 
489 by a forward-modelled tectonic subsidence with β = 1.2, rifting from 480 Ma with Rd = 
490 41.4 Myr (Fig. 10A) and zcc0 = 35 km (Heine and Müller, 2008). Subsidence is water loaded as 
491 most Canning Basin strata were deposited in a marginal marine to marine environment 
492 (Forman and Wales, 1981; Kennard et al., 1994b; Romine et al., 1994). From 480-300 Ma the 
493 theoretical and backstripped curves for Patience-2 are generally equivalent (Fig. 10A). The 
494 theoretical model does not capture the ~300 Ma Point Moody extension and from this time on 
495 the tectonic subsidence and theoretical subsidence are out of phase (Fig. 10A). Uplift from 
496 ~250 Ma and subsidence at 150 Ma are observed in the well data and the modelled dynamic 
497 topography (Fig. 10; see also Discussion). 
498 Well Cody-1 from the northernmost Merlinleigh Sub-basin, Southern Carnarvon Basin 
499 (Fig. 1) is fit by a forward-modelled water-loaded tectonic subsidence with a β = 1.13, rifting 
500 from 272 Ma with Rd = 31.2 Ma (Fig. 11A) and zcc0 = 35 km (Kennett et al., 2011). During late 
501 Paleozoic-Tertiary times the majority of deposition in the Merlinleigh Sub-basin occurred in 
502 marine conditions (Gorter et al., 1994; Iasky et al., 1998), therefore subsidence is water loaded. 
503 During rifting (~270-240 Ma) theoretical subsidence is greater than tectonic subsidence (Fig. 
504 11A). A period of Triassic-Jurassic non-deposition/erosion is contemporaneous with ~100 m 
505 dynamic uplift (Fig. 11). A second period of rifting, related to Gondwana break-up, is seen in 
506 the well data from ~150 Ma (Fig. 11A) and is contemporaneous with model dynamic 
507 subsidence (Fig. 11C-B).
508 The mismatch between the predictions of dynamic topography and the results of the 
509 subsidence analysis demonstrate that the complex and long-lived subsidence histories of these 
510 intracontinental basins cannot be explained by a simple theoretical subsidence model which 
511 only considers lithospheric thinning by initial rifting and thermal subsidence. Subsidence is 
512 expected to be affected by other processes including changes in the intraplate stress field, 
513 eustatic sea-level change and dynamic topography. The match between dynamic topography 
514 and anomalous vertical motion across the Cooper, Canning and Southern Carnarvon Basins 
515 (see Supplementary Figs 16 and 17 and Supplementary Table 3) is best for model M600 which 
516 is used as reference case in the following.
517
518 5. Discussion
519 5.1 Subsidence due to local lithospheric stretching
520 The subsidence profiles examined here contain large (> 200 m) deviations from predicted 
521 post-rift thermal subsidence, suggesting that other processes affected their subsidence histories. 
522 We attribute accelerated subsidence at ~380 Ma and ~290 Ma in the Canning Basin (Fig. 10) 
523 to the Pillara and Point Moody extensional events respectively, and accelerated subsidence at 
524 ~140 Ma in the Southern Carnarvon Basin (Fig. 11) to extension on the northwest margin. We 
525 next consider mantle flow as a mechanism for other phases of anomalous vertical motions.
526
527 5.2 Influence of mantle flow on the Cooper Basin
528 Mid-Permian anomalous uplift occurs across all wells in the Cooper Basin and 
529 coincides with dynamic uplift (Fig. 9 and Supplementary Figs. 10-12). Two episodes of middle 
530 Permian uplift, occurring at approximately 273 Ma and 270 Ma respectively, took place in the 
531 in the Cooper Basin and are suggested by stratigraphic, structural, seismic and palynology data 
532 (Apak, 1994; Apak et al., 1995; Apak et al., 1997). A denudation rate of ~10 m/Myr, 
533 determined from apatite fission track data, has been reported for the nearby Gawler Craton 
534 during the Permo-Triassic (Kohn et al., 2002) and is likely to be representative of the Cooper 
535 Basin during this time. We suggest mid-Permian uplift may be related to the gradual sinking 
536 of the EAf slab into the lower mantle (Fig. 7 and Section 4.2).
537
538 5.3 Permian-Early Jurassic uplift of Western Australia
539 Triassic-Jurassic strata are absent in the Canning (Kennard et al., 1994b) and Southern 
540 Carnarvon Basins (Iasky et al., 1998; Iasky and Mory, 1999; Iasky et al., 2003; Mory et al., 
541 2003). In the Canning Basin, the hiatus is attributed to the Fitzroy Transpression which resulted 
542 in substantial uplift, erosion and development of contractional structures (Shaw et al., 1994; 
543 Parra Garcia et al., 2014), and in the Southern Carnarvon Basin uplift and erosion of the Late 
544 Jurassic successions (Mory et al., 2003) is implied by a cooling episode (Gibson et al., 1998).
545 Permian-Early Jurassic non-deposition/erosion in the Canning and Southern Carnarvon 
546 Basins has been linked to tectonic activity (Shaw et al., 1994; Mory et al., 2003; Parra Garcia 
547 et al., 2014). We note that during this time Australia drifted south (Young et al., 2019) over a 
548 whole-mantle upwelling (Fig. 7), resulting in dynamic uplift of Western Australia, which 
549 would have contributed to the observed early Mesozoic non-deposition/erosion in Western 
550 Australia. Similarly, Müller et al. (2016a) attributed part of the mid-late Cenozoic dynamic 
551 uplift of north-eastern Australia, documented by Czarnota et al. (2014), to the motion of the 
552 plate over the Pacific Superswell. 
553
554 5.4 Early Jurassic-Cretaceous subsidence of Australia
555 All Cooper Basin wells show rapid Cretaceous subsidence (Fig. 2). This subsidence 
556 phase is recognised as being non-tectonic as geological evidence for extension in the basin 
557 during these times is lacking (Zhou, 1989; Gallagher, 1989). The predicted mantle temperature 
558 (Fig. 7) shows the subduction of cold, dense material into the mantle along the Australian 
559 eastern margin from 260 Ma. Australia’s eastward motion over the dynamic topographic low 
560 produced by the sinking slab resulted in widespread dynamic subsidence in Cretaceous times 
561 (Figs 7 and 8; Gurnis et al., 1998).
562 A number of Southern Carnarvon Basin wells (Fig. 4) show subsidence at ~130 Ma 
563 associated with the break-up of Australia from Greater India (Iasky et al., 1998; Iasky and 
564 Mory, 1999; Iasky et al., 2003). Our flow models indicate Late Jurassic dynamic subsidence 
565 of Western Australia (Figs 3 and 5) is synchronous with Jurassic-Cretaceous anomalous 
566 tectonic subsidence seen in the Canning and Southern Carnarvon Basin wells (Fig. 10-11 and 
567 Supplementary Figs. 7-8). At 150 Ma Australia was drifting east (Young et al., 2019), and this 
568 motion moved the continent away from the upwelling and towards a downwelling that had 
569 developed in response to late Permian (260 Ma) subduction along east Gondwanan (Figs 7 and 
570 8), which continued throughout the Triassic, resulting in the formation of a prominent slab 
571 under Australia by 100 Ma (Fig. 7). Australia’s motion away from the upwelling and towards 
572 the sinking slab caused a dynamic Jurassic-Cretaceous tilting of the plate down to the east (Fig. 
573 8), contributing to coeval subsidence in the Canning (Figs 3 and 10) and Southern Carnarvon 
574 (Figs 4 and 11) Basins, and to the particularly rapid Cretaceous subsidence in the Cooper Basin 
575 (Figs 2 and 9); due to its proximity to the downwelling (Fig. 7). Given that Late Jurassic 
576 dynamic subsidence of Western Australia is contemporaneous with sea floor spreading in the 
577 Argo Abyssal Plain one might question its relationship to mantle convection. We note, 
578 however, that well Patience-2 is located ~1,200 km from the present-day continent-ocean 
579 boundary. It is unclear how distant seafloor spreading (> 1,200 km away) could explain the 
580 Late Jurassic subsidence recorded by well Patience-2.
581
582 5.5 West Australian mantle plume
583 Case M600 predicts the Triassic arrival of a plume under western Australia (Figs 7 and 
584 12), which would have produced significant dynamic uplift (Fig. 8) consistent with episodes 
585 of non-deposition/uplift in the Canning (Fig. 3) and Southern Carnarvon (Fig. 4) Basins. The 
586 locations of mantle plumes predicted by models similar to the ones presented here have been 
587 shown to be statistically correlated with the location of large igneous provinces (LIPs) 
588 reconstructed to the present day (Hassan et al., 2015). However, the behaviour of model mantle 
589 plumes is stochastic, and deep active model upwelling similar to the Hawaiian (Hassan et al., 
590 2016) and the Icelandic (Barnett-Moore et al., 2017) plumes are offset in time and space 
591 compared to the associated volcanic products. With this in mind, we note that Bryan and Ferrari 
592 (2013) and Rohrman (2015) reported a Late Jurassic (160 Ma) LIP offshore northwest 
593 Australia. In case M600 the plume erupts at 260 Ma, which is 100 Myr earlier than, and 
594 ~100 km away from the northwest Australian LIP; at 160 Ma the model plume is ~500 km 
595 away from the LIP (Fig. 12).
596 Regionally, evidence for Triassic igneous activity is reported at the north-west edge of 
597 the Canning Basin (Gleadow and Duddy, 1984; Reeckmann and Mebberson, 1984) and in the 
598 Rowley Sub-Basin (MacNeill et al., 2018; Abbott et al., 2019a). On the north-west shelf of 
599 Australia, late Permian uplift, faulting and tilting was accompanied by extensive intrusion and 
600 extrusion of mafic igneous rocks during the Bedout Movement (Forman and Wales, 1981), 
601 which is proposed to be either compressional based on observations of faulting, folding and 
602 erosion over the Bedout High (Shaw et al., 1994), or extensional (Forman and Wales, 1981; 
603 Reeckmann and Mebberson, 1984; Colwell and Stagg, 1994) and possibly caused by active 
604 mantle upwelling (Colwell et al., 1994) based on the extent of volcanism. This latter 
605 interpretation is consistent with the results for case M600.
606 Igneous rocks from Canning Basin wells (Fig. 12) yield K/Ar, fission track and 
607 stratigraphic ages ranging Permian-Early Jurassic (Forman and Wales, 1981; Gleadow and 
608 Duddy, 1984; Reeckmann and Mebberson, 1984; Colwell and Stagg, 1994); no precise dating 
609 of these rocks is currently available. Total magnetic intensity data indicate these volcanic rocks 
610 cover > 1,250 km2 (Forman and Wales, 1981). The results for case M600 and the spatio-
611 temporal extent of igneous rocks on the north-west shelf of Australia suggest an active mantle 
612 upwelling could have affected the area between 250-170 Ma (Fig. 12). 
613 Recent (2014) 3D seismic acquisition in the Rowley Sub-basin revealed clinoforms 
614 dipping 20-30 landward, interpreted to represent a 10 km thick lava complex that prograded 
615 southeast from the Argo/West Burma landmass (MacNeill et al., 2018; Abbott et al., 2019b). 
616 Regional stratigraphy suggests the lava flows could be between 250-240 Myr old (MacNeill et 
617 al., 2018; Abbott et al., 2019a), and comparable seismic facies from the northwest Rowley Sub-
618 basin may represent younger volcanism (240-210 Ma) (Abbott et al., 2019b). MacNeill et al. 
619 (2018) suggest an Early-Middle Triassic mantle plume could have produced the lava 
620 complexes; which is consistent with our model, in which a plume occurs within 10 Myr and 
621 650 km of the Rowley Sub-basin lava flows (Fig. 12). 
622
623 5.6 Comparison with apatite fission track data
624 AFTA is an established method to reconstruct the low-temperature thermal evolution 
625 of continental crust (Kohn et al., 2002; Flowers et al., 2012; Zhang et al., 2012). Published data 
626 from key Australian terranes (Kohn et al., 2002) constrain the long-wavelength patterns of 
627 Australian epeirogeny since 300 Ma. The denudation rates generally increased during the 
628 Permo-Triassic and decreased from the Jurassic to present-day (Kohn et al., 2002). Our 
629 dynamic topography predictions are consistent with this first-order result (Fig. 5). In particular, 
630 there is a spatio-temporal overlap between the Permo-Triassic dynamic uplift of Western 
631 Australia and regional cooling/denudation implied from AFTA, and Cretaceous dynamic 
632 subsidence in the Cooper Basin and the inundation/burial of the Gawler Craton (Kohn et al., 
633 2002; Supplementary Fig. 18).
634
635 5.7 Uncertainties
636 Our study is prone to a number of uncertainties, the first of which is linked to the global 
637 plate reconstruction spanning 1,000-0 Ma (Merdith et al., in prep.) and relies on paleomagnetic 
638 and geological evidence from the continents for times before 180 Ma; for which little to no 
639 seafloor is preserved (Müller et al., 2016b). Plate velocities and the location of plate boundaries 
640 constitute time-dependent boundary conditions for the geodynamic models, however, due to 
641 the lack of data, the majority of oceanic plates and mid-ocean ridges within the plate 
642 reconstruction are synthetic and inferred rather than observed. Hence, the velocity of ancient 
643 oceanic plates is poorly constrained. Despite this, synthetic plate velocities in the Merdith et 
644 al. (in prep.) reconstruction are of the same order of magnitude observed at present-day (~2-
645 20 cm/yr). Continental plate motions are based on a combination of data (e.g. paleomagnetism, 
646 episodes of volcanism/metamorphism), diagnostic geoscience (e.g. 
647 palynology/paleogeography correlation) and kinematic and geodynamic criteria (e.g. tectonic 
648 speed limits, trench kinematics; see Young et al. (2019)). Fortunately, oceanic and continental 
649 arcs are generally well preserved, giving some confidence to the reconstruction of past 
650 subduction zones (Cao et al., 2017; Merdith et al., 2019). While uncertainties exist, this is the 
651 first and only full-plate global model available back to 1 Ga and offers a unique opportunity to 
652 explore Earth’s history in deep geological time.
653 Uncertainties in the mantle convection model input parameters include the viscosity 
654 structure of the mantle, Rayleigh number, dissipation number, initial slab depth and initial 
655 thickness of the lower thermal boundary layer. The input parameters of our forward flow 
656 models were taken from the preferred model of Flament (2019), who investigated the effect of 
657 model boundary conditions, set-up and physical assumptions on the predicted present-day 
658 dynamic topography and mantle structure constrained by independent data. We investigated 
659 the sensitivity of mantle flow and associated dynamic topography to model start time (Bunge 
660 et al., 1998; Flament et al., 2017; Flament, 2019). The overall trends between the different 
661 cases are consistent, although there are temporal and amplitude offsets in dynamic topography 
662 (Figs 2, 3 and 4). For example: M600 only integrates the final stages of subduction during 
663 Gondwana assembly (Merdith et al., 2017) and thus accumulates less slab material beneath the 
664 continent by ~400 Ma, resulting in larger uplift through the late Paleozoic (Figs 2, 3 and 4).
665 We computed dynamic topography from sources of buoyancy deeper than 350 km.  
666 Considering the lithospheric mantle would elastically filter long-wavelength dynamic 
667 topography from deep sources (Golle et al., 2012; Sembroni et al., 2017) , and considering the 
668 uppermost mantle would add short-wavelength dynamic topography of relatively large 
669 amplitude (Hoggard et al., 2016; Davies et al., 2019); however it remains difficult to determine 
670 the present-day thermochemical structure of the mantle lithosphere, let alone to model is 
671 temporal evolution. Thus, we focus on long-wavelength dynamic topography, which can be 
672 modelled back in time. As a consequence, the predicted rate of change of long-wavelength 
673 dynamic topography are relatively low and tend to be lower than that of tectonic subsidence. 
674 For instance, the Cretaceous tectonic subsidence of the Cooper Basin is ~70 m/Myr while the 
675 dynamic subsidence is ~10 m/Myr (Fig. 9). Short-wavelength dynamic topography might 
676 evolve at rates up to ~200 m/Myr (Roberts and White, 2010; Czarnota et al., 2013; 
677 Winterbourne et al., 2014) and could reconcile this discrepancy. Nevertheless, the predicted 
678 present-day dynamic topography (Fig. 8) is consistent with previous works showing a north-
679 south trending pattern of long-wavelength dynamic topography across Australia 
680 (Lithgow‐Bertelloni and Richards, 1998; Sandiford, 2007; DiCaprio et al., 2009; Heine et al., 
681 2010; DiCaprio et al., 2011; Czarnota et al., 2014; Flament, 2019).
682 The main potential sources of uncertainty in the backstripping analysis are the accuracy 
683 of formation age, thickness and compaction inputs as well as paleo-water depth estimates. The 
684 use of lithostratigraphy rather than chronostratigraphy results in significant uncertainty and as 
685 a result, assigned ages are an estimate only. A full sequence stratigraphic analysis of the basins 
686 would be required to determine this uncertainty, which is beyond the scope of this work. 
687 Additionally, there is uncertainty in comparing stratigraphic to absolute model ages. Here we 
688 considered ages to be determined within 1 Myr. Due to the large dispersion of log derived 
689 porosity values at a given depth, for each lithology an envelope was built around the best fit 
690 function by increasing and decreasing the base case surface porosity by 50% (Supplementary 
691 Table 2 and Supplementary Fig. 19) to test the sensitivity of the subsidence models to porosity 
692 variability. Paleo-water depths were converted from environments of deposition (Tipsword et 
693 al., 1966) resulting in uncertainties up to 100 m. We quantified the uncertainty in backstripped 
694 tectonic subsidence due to uncertainties in porosity and paleowater depth (Figs 9-11 and 
695 Supplementary Figs 5-15). Subsidence uncertainty ranges 50-730 m in Cooper Basin wells; 0-
696 790 m in Canning Basin wells; and 100-320 m in Southern Carnarvon Basin wells. 
697 There is uncertainty introduced by wells that do not penetrate the deeper stratigraphic 
698 record of the basin. However, most of the considered wells including Patience-2, Cody-1 and 
699 Moomba-27 penetrate the deepest 80 % of the section (14/14 Cooper wells, 11/15 Canning 
700 wells and 10/13 Southern Carnarvon) so the uncertainty is relatively small here. 
701 Our subsidence results for the Canning and Cooper Basins are consistent with the 
702 analysis of Kennard et al. (1994a) and Hall et al. (2016) respectively. We did not include 
703 eustatic sea-level changes in the backstripping procedure, although deviations between inferred 
704 and idealised subsidence can sometimes be attributed to changes in eustatic sea-level (Xie and 
705 Heller, 2009). The Cooper Basin has been mostly subaerial since Permian times (Isem et al., 
706 2001) thus, the impact of eustatic sea-level on its subsidence history is likely to have been 
707 minor. However, for the western Australian basins, which have pre-Permian history dominated 
708 by marine deposition, the impact of eustatic sea-level change may be significant. Despite the 
709 sensitivity of subsidence modelling to eustatic sea-level changes, we opted not to use available 
710 Paleozoic global sea level curves that vary greatly (Vail et al., 1977; Hallam, 1984; Algeo and 
711 Seslavinsky, 1995; Haq and Schutter, 2008; Vérard et al., 2015).
712
713 6. Conclusion
714 The subsidence histories of intracontinental basins display complex vertical motion 
715 histories. Various interacting tectonic mechanism have been invoked to explain these 
716 deviations including plume-lithosphere interaction and mantle downwelling. We backstripped 
717 well data and produced tectonic subsidence curves for the Canning, Southern Carnarvon and 
718 Cooper Basins in order to investigate if mantle flow could have contributed to their complex 
719 histories. We analysed episodes of anomalous vertical motion by combining backstripped well 
720 subsidence and forward pure shear models, and compared them, in the light of documented 
721 tectonic events, to predictions of long-wavelength dynamic topography for the past 600 Myr. 
722 Our results suggest that mantle flow could have contributed to the evolution of the Canning, 
723 Southern Carnarvon and Cooper Basins, in addition to tectonic processes. In the Cooper Basin, 
724 topographic rebound following the sinking of an ancient slab resulted in minor dynamic uplift 
725 that may be recorded in the mid-Permian strata of the basin. During Triassic-Jurassic times 
726 tectonic uplift, augmented dynamic uplift, resulted in significant erosion in the Canning and 
727 Southern Carnarvon Basins. During the Late Jurassic-Cretaceous Gondwana break-up, 
728 Australia drifted east away from a mantle upwelling and towards a downwelling produced by 
729 Permian subduction. This motion resulted in an episode of dynamic subsidence that is coeval 
730 with subsidence in the Canning and Southern Carnarvon Basins. Our models confirm Permian 
731 subduction along the east Australian convergent margin produced a downwelling over which 
732 the Cooper Basin passed during the Cretaceous, resulting in accelerated subsidence.
733
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Model parameter Symbol Value Units
Mantle density 0𝜌 3350 kg m-3
Water density w𝜌 1030 kg m-3
Density of the continent c𝜌 2780 kg m-3
Thermal expansion coefficient ⍺ 3.28 × 10−5 K−1
Temperature of the asthenosphere T1 1606 K
Thermal diffusivity  8.04 × 10−7 m2 s-1
1178 Table 1: Values of physical parameters used in forward model of finite pure-shear lithospheric 





1184 Figure 1: Locations of the sedimentary basins and wells considered in this study, and 
1185 background sediment thickness map (FROGTECH, 2014). Basin abbreviations are: SCB, 
1186 Southern Carnarvon Basin; CaB, Canning Basin; CoB, Cooper Basin. Basin outlines (CaB; 
1187 green, SCB; blue and CoB; maroon lines) and basin structural elements (dashed blue lines), 
1188 coastlines (brown line) are shown. Abbreviations for basin structural elements (black squares 
1189 labeled in black boxes) are from west to east: SCB: GP, Gascoyne Platform; Msb, Merlinleigh 
1190 Sub-basin; Bsb, Byro Sub-basin; CaB: BP, Broome Platform; Wsb, Willara Sub-basin; JT, 
1191 Jurgurra Terrace; PT, Pender Terrace; Ksb, Kidson Sub-basin; MT, Mowla Terrace; FT, 
1192 Fitzroy Trough; BT, Barbwire Terrace; LS, Lennard Shelf; Gsb, Gunbarrel Sub-basin; CoB: 
1193 PT, Patchawarra Trough; AT, Arrabury Trough; NT, Nappamerri Trough; WT, Windorah 
1194 Trough; TD, Thompson Depression. The boreholes used in this study are shown as white 
1195 circles, and boreholes mentioned in the text are labeled in white boxes with abbreviations from 
1196 west to east: CO1, Cody-1; C1, Chargoo-1; HI1, Hope Island-1; Y1, Yaringa-1; KR1, Kennedy 
1197 Range-1; M1, Minjin-1; MO1, Moogana-1; P1, Puratte-1; L1, Lloyd-1; P2, Patience-2; M27, 
1198 Moomba-27. Magenta triangles are basin central points. Cratons shown as grey and dark grey 
1199 cross pattern fill. 
1200
1201 Figure 2: Backstripped, air-loaded tectonic subsidence (colored) for the Cooper Basin, and 
1202 modelled dynamic topography cases M1000-M600 (grey scale). Tectonic subsidence curves 
1203 for the analysed wells are grouped and colored by tectonic region. Episodes of subsidence 
1204 discussed in the text are highlighted in maroon. Well locations are shown on Figure 1. Red and 
1205 blue bars mark intervals of major uplift/non-deposition and subsidence, respectively (see text). 
1206 CSi, Initial Cooper subsidence; DU, Daralingie compressional event; CSc, continued Cooper 
1207 subsidence and ES, Eromanga Basin subsidence.
1208
1209 Figure 3: Backstripped, water-loaded tectonic subsidence (colored) for the Canning Basin, and 
1210 modelled dynamic topography cases M1000-M600 (grey scale). Tectonic subsidence curves 
1211 for the analyzed wells are grouped and colored by tectonic region. Episodes of subsidence 
1212 discussed in the text highlighted in green. Well locations are shown on Figure 1. Red and blue 
1213 bars mark intervals of major uplift/non-deposition and subsidence, respectively (see text). 
1214 SME, Samphire Marsh extension; PCM, Prices Creek Movement; PE, Pillara extension; MT, 
1215 Meda Transpression; PME, Point Moody extension; FT, Fitzroy Transpression; JS, Jurassic-
1216 Cretaceous subsidence.
1217
1218 Figure 4: Backstripped, water-loaded tectonic subsidence (colored) for the Southern 
1219 Carnarvon Basin, and modelled dynamic topography cases M1000-M600 (grey scale). 
1220 Tectonic subsidence curves for the analyzed wells are grouped and colored by tectonic region. 
1221 Episodes of subsidence discussed in the text highlighted in blue. Well locations are shown on 
1222 Fig. 1. Red and blue bars mark intervals of major uplift/non-deposition and subsidence, 
1223 respectively (see text). GPS, Gascoyne Platform subsidence; Gascoyne Platform uplift; MSBS, 
1224 Merlinleigh Sub-basin subsidence; MSBU, Merlinleigh Sub-basin uplift; JS, Jurassic 
1225 subsidence.
1226
1227 Figure 5: Evolution of model case M600 dynamic topography for the basins evaluated in this 
1228 study. Dynamic topography was extracted at 20 Myr increments from 600 Ma to present, with 
1229 temporal refinement to 10 Myr increments between 300 Ma and 100 Ma. Southern Carnarvon 
1230 Basin, blue; Canning Basin, green and Cooper Basin, maroon.
1231
1232 Figure 6: Global plate reconstructions in the no-net rotation frame of reference between 
1233 600 Ma and Present day in 100 Myr intervals. Purple lines with triangles on the overriding 
1234 plate indicate subduction zones, and yellow lines denote mid-ocean ridges and transform faults. 
1235 Reconstructed present-day coastlines (300-0 Ma) and craton outlines (600-400 Ma) are shown 
1236 as grey polygons. The reconstructed outlines of the Southern Carnarvon, Canning and Cooper 
1237 basins are shown in blue, green and maroon respectively. Abbreviations are: EAf, East Africa 
1238 subduction zone; EAu, East Australia subduction zone. 
1239
1240 Figure 7: Predicted mantle temperature and flow velocity for case M600 at 2,677 km depth 
1241 (A, C, E, G, I) and along cross-sections (dark green lines) over the Australian plate (B, D, F, 
1242 H, J) in 50 Myr increments between 300 Ma and 100 Ma. In A, C, E, G and I reconstructed 
1243 subduction locations are shown as magenta lines with triangles on the overriding plate, 
1244 reconstructed mid-oceanic ridges and transform faults are shown as dark blue lines, and 
1245 reconstructed present-day coastlines and craton outlines are shown in grey. Reconstructed 
1246 positions of the Southern Carnarvon, Canning and Cooper basins are shown in blue, green and 
1247 maroon respectively. In B, D, F, H and J the black line above each section is the global mean 
1248 dynamic topography (by definition equal to zero) and the gold line is the 1.25x vertically 
1249 exaggerated air-loaded dynamic topography along the cross-section. Green and maroon dots 
1250 mark the intersection between the cross-section and the boundary of the Canning and Cooper 
1251 basins respectively. Purple contour represents the limit of the Cambrian EAf slab (see Section 
1252 4.2). The color scale indicates non-dimensional (numbers above) and dimensional (numbers 
1253 below) temperatures with respect to the ambient mantle temperature. Graticules at depths of 
1254 350 km (grey), 660 km (black) and 1,000 km (grey) are marked on the cross section. 
1255
1256 Figure 8: Air-loaded dynamic topography for case M600 over Australia in the plate-frame of 
1257 reference from 300 Ma to the present in 20 Myr steps. Southern Carnarvon, Canning and 
1258 Cooper basin outlines are shown in blue, green and maroon respectively.
1259
1260 Figure 9: Comparison between observed tectonic subsidence, forward modelled tectonic 
1261 subsidence and predicted dynamic topography for Moomba-27 well from the Cooper Basin 
1262 (see Fig. 1 for location). A: Backstripped, water-loaded tectonic subsidence curve for Moomba-
1263 27 (red line and uncertainty envelope) and forward modelled best-fit tectonic subsidence (grey 
1264 line) for stretching factor  and rift duration Rd. B: Dynamic topography for each case M600-
1265 M1000 in the Cooper Basin (coloured lines) and anomalous vertical motion (black line) for 
1266 well Moomba-27, which is the difference between the backstripped subsidence (red line in A) 
1267 and the forward modelled subsidence (grey line in A). Positive values represent anomalous 
1268 uplift and negative values indicate anomalous subsidence. C: First derivatives of dynamic 
1269 topography for each case M600-M1000 in the Cooper Basin (colour lines) and of anomalous 
1270 vertical motions (black line). Positive values indicate uplift and negative values indicate 
1271 subsidence (zero is shown as a grey dashed line).  
1272
1273 Figure 10: Comparison between observed tectonic subsidence, forward modelled tectonic 
1274 subsidence and predicted dynamic topography for Patience-2 in the Canning Basin (see Fig. 1 
1275 for well location). A-D as in Fig. 9.
1276
1277 Figure 11: Comparison between observed tectonic subsidence, forward modelled tectonic 
1278 subsidence and predicted dynamic topography for Cody-1 in the Southern Carnarvon Basin 
1279 (see Fig. 1 for well location). A-D as in Fig. 9.
1280
1281 Figure 12: M600 plotted as radial heat advection, i.e. the product of mantle temperature and 
1282 velocity for 240-140 Ma. Reconstructed positions of the Southern Carnarvon (blue), Canning 
1283 Basin (green) and Cooper Basin (maroon) are shown. Reconstructed present-day coastlines and 
1284 craton outlines are specified in black. Brown and aquamarine polygons indicate the 
1285 reconstructed position of northwest Australia LIPs from Bryan and Ferrari (2013) and Rohrman 
1286 (2015) respectively; these are highlighted at their extrusion age (160 Ma). Landward edge of 
1287 Rowley Sub-basin volcanic coliforms from Abbott et al. (2019b) is marked by the magenta 
1288 line. Locations of Canning Basin wells that intersect igneous rocks from Reeckmann and 
1289 Mebberson (1984) are indicated by white circles and Rowley Sub-basin well intersections in 
1290 black; the wells are only displayed at times which correspond to the probable age of the 
1291 intrusions.  
1292
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